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ABSTRACT 

The loss of technical expertise through attrition in the technical 
workforce is a growing concern throughout NASA and the aerospace industry. A 
bimodal age distribution among scientists and engineers (S&Es) exacerbates 
the situation within NASA. This situation presents both challenges and 
opportunities to NASA managers as decisions are made that will shape the 
future of NASA. 

This paper will document historical age-related information for S&Es 
within NASA in general, and at the NASA Lewis Research Center, Cleveland, 

Ohio, in particular, for 1968 through 1987. Recommendations are made to 
promote discussion and to establish the groundwork for action. 

INTRODUCTION 

The technical competence and reputation of an organization is based on 
the competence of the individuals who comprise the technical workforce. In 
this context, the technical workforce contains both supervisory and 
nonsupervisory scientists and engineers (S&Es). These individuals form the 
core of institutional technical memory which is the marketable commodity of an 
organization. 

Imagine an organization in which all the technical personnel are replaced 
with inexperienced personnel. The organization would certainly suffer since 
the commodity they offer, technical experience, has been eliminated. 
Conversely, an organization that exhibits a uniform distribution of experience 
among its technical personnel is less likely to suffer significantly as a 
result of the loss of their most experienced personnel, since only slightly 
less experienced personnel would be waiting to fill the vacancies. 

A bimodal age distribution, i.e., with two distinct peaks or modes, may 
preclude a smooth personnel transition. Experienced senior S&Es will be 
replaced with relatively inexperienced junior S&Es rather than with midlevel 
S&Es, since few are available. Age (i.e., length of NASA service) and 
experience are highly correlated characteristics among NASA S&Es, contributing 
to their low attrition rate. Because of this correlation, institutional 
technical expertise is a strong function of the age distribution among the 
technical workforce. A detailed discussion of factors that resulted in the 
age distributions presented is beyond the scope of this paper. 
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Early in the U.S. civilian space program, after the formation of NASA in 
1958, many S&Es were hired directly from the collegiate ranks. These 
inexperienced, but enthusiastic, graduates acquired valuable experience as 
they matured along with the Mercury, Gemini, and Apollo programs. 

In the late 1960s, forces external to NASA (e.g.. Congress, 0MB, the 
national budget, and others) dictated a decrease in the size of the NASA 
workforce, and a corresponding decrease in the number of S&Es. Figures 1 and 
2 show, however, that even as the size of the total NASA workforce and the S&E 
population decreased, the percentage of S&Es increased (from A3 percent in 
1968 to 51 percent in 1987). 

The issue of technology loss through attrition must be addressed now. If 
we assume that the S&Es hired in 1958 were recent college graduates with an 
average age of 22, then these employees will be eligible to retire under the 
existing Civil Service Retirement System in 1991, since they will have at 
least 30 years of service and will be 55 years of age. Valuable institutional 
technical knowledge and experience will be lost when these employees retire. 

It may not be feasible to replenish the pool of experienced personnel by 
hiring from outside NASA if the bimodal age distribution among NASA S&Es is 
representative of the aerospace industry in general. The size of the 
available S&E manpower pool in the U.S. workforce cannot be stated with 
certainty, but it has been reported that upwards of 50 percent of those 
earning B.S. degrees in S&E-related fields transfer out of the S&E field 
[ 1 , 2 ] . 


DATA 

The following information was obtained from raw data and summary reports 
prepared by the NASA Personnel Evaluation and Analysis Division for the years 
1968 through 1987 [3]. S&Es are defined by the following NASA positions: 

Support Engineerin g and Related Positions 

This includes professional physical science, engineering, and 
mathematician positions in work situations not identified with aerospace 
technology. 

Aerospace Technology (AST) Scientific and Engineering Positions 

This includes professional scientific and engineering positions 
requiring AST qualifications, and professional positions engaged in aerospace 
research, development, operations, and related work, including the development 
and operation of specialized facilities, and supporting engineering. 

Life Science Positions 


This includes life science professional positions not requiring AST 
qualifications, and medical officers and other positions performing 
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professional work in psychology, the biological sciences, and professions 
which support the science of medicine such as nursing and medical technology. 

Table 1 presents the historical NASA S&E age data for 1968 through 1987. 
The age data has been categorized in the following age groups: less than 25 

years of age, 25 to 29 years, 30 to 34 years, 35 to 39 years, 40 to 44 years, 
45 to 49 years, 50 to 54 years, 55 to 59 years, and 60 years of age or more. 

Figure 3 illustrates that the NASA S&E propulation has been aging along 
with NASA. The peak age-group shifted from 30 to 34 years of age in 1968, to 
40 to 44 years in 1978, and to 50 to 54 years in 1987. A smaller, secondary 
age-group peak (25 to 29 years) appears on the 1987 curve as a result of an 
influx of new employees, primarily recent graduates. The magnitude of the 
primary age-group peak decreases only slightly between 1968 to 1987, once 
again contributing to the relatively low attrition rate among NASA S&Es, 
during that time as the age distribution shifts from a skewed normal to a 
bimodal age distribution. 

Figure 4 contains the same information shown in Figure 3, but with the 
number of S&Es in each age group shown as a percentage of the total number of 
NASA S&Es. Since 1968, 19 to 23 percent of the total S&E population has 
consistently been concentrated in the peak age group. 

Figure 5 further illustrates the aging of the NASA S&E population. The 
percentage of S&Es in the 35 to 49 age group has steadily decreased since 
1970, while the percentage of S&Es in the over-50 age group has steadily 
increased (although at a slightly lower rate of increase than the rate at 
which the percentage in the 30 to 49 age group decreased). In addition, the 
decreasing trend in the percentage of S&Es in the under-35 age group was 
reversed about 1980. 

The NASA Lewis data represents a microcosm of NASA’s S&E trends. Table 2 
presents the historical NASA Lewis S&E data for 1968 through 1987, during 
which NASA Lewis S&Es constituted 10 to 13 percent of NASA's S&E workforce. 
Figures 6 to 8 present NASA Lewis S&E data, comparable to the NASA S&E data 
presented in Figures 3 to 5. 

Figure 9 illustrates that NASA's aging trend stabilized about 1979, and 
was effectively reversed about 1984, primarily as a result of the infusion of 
S&E new-hires and the inevitable loss of senior S&Es. The average age of NASA 
S&Es increased at a rate of 0.65 years per year between 1968 and 1978. Among 
NASA Lewis S&Es, the rate was a comparable 0.68 years per year. 

RECOMMENDATIONS 

The following is a list of recommendations which, although not 
comprehensive, attempts to promote discussion and to establish the groundwork 
for action. It includes measures that are extensions of or variations on 
existing NASA initiatives. 
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Contr actors/ Consultants 


Continue to use experienced S&E retirees through Support Service 
Contractors or as private consultants when comparable, but unavailable, S&Es 
are needed. This measure is particularly appealing when manpower funding 
( R&PM) is limited, but contracting funds (R&D) are available. Such an effort, 
however, should not detract from the development of an in-house technical 
workforce . 

Technical Mentor Programs 


Establish and formally implement technical mentor programs that pair 
technical new-hires with experienced S&Es. Variations exist within some NASA 
organizational elements. For example, the NASA Ames Research Center (ARC) has 
introduced a new training program known as the Interactive Development of 
Engineers, Administrators, and Scientists (IDEAS) program. This program was 
specifically designed to counter the loss of institutional knowledge and 
experience arising from a bimodal age distribution in their S&E workforce. 

Documentation 


Establish and promote a policy or policies that formally encourage or 
require documentation during the life of projects and programs. Valuable 
information is lost to NASA when adequate documentation does not occur until a 
program/project is either cancelled or completed. By then, it is often too 
late as personnel move on to other work or are not provided with the proper 
incentive to document their work. The feasibility of implementing such policy 
is enhanced by the existence of electronic storage media and 

telecommunications. As an example, the Space Station Technical and Management 
Information System (TMIS) is planned to serve as the knowledge base of 
information for the U.S. space station program, precluding the loss of key 
information resident in specific individuals. 

Employee Development Programs 

Continue to promote programs that provide junior and midlevel S&Es with 
development opportunities for greater technical and/or managerial experience. 
These S&Es are likely to increase the pool of manpower that will be available 
to fill the roles vacated by senior S&Es. An example is NASA's Professional 
Development Program (PDP). The PDP allows selected NASA professional 
personnel to participate in a one year developmental program at NASA 
Headquarters and/or at a different NASA Center. Such a program broadens the 
individual's technical and organizational experience. 

Awareness Programs 


Increase the dissemination of information on relevant issues through 
presentations and articles in technical and nontechnical forums, e.g., the 
Aerospace Mechanisms Symposium, employee newsletters, and technical journals. 
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Chief Engineer/ Scientist Positions 

Promote positions for Chief Engineers/Scientists who report directly to 
the midlevel (second- or third-level) manager. Such positions enable a 
greater number of individuals to benefit from the experience of senior, 
nonsupervisory S&Es. 

Deputy Manager Positions 

Establish and promote positions for deputies to first-level managers that 
allow junior S&Es to gain managerial experience on a probationary or rotating 
basis. These positions provide work experience while minimizing the risks 
associated with submerging an untrained individual in an unfamiliar role. 
Caution should be exercised to ensure that such positions do not generate an 
undesirable, and possibly unnecessary, level of bureaucracy. 

Hire Experienced S&Es 


Efforts should be continued to attract experienced S&Es. As mentioned 
previously, the size of the pool of available experienced S&Es is an open 
question. S&Es are in demand now, but many may have made career changes in 
the 1970s. These changes are a result of factors such as the lucrative offers 
being made to the MBA candidates with technical backgrounds, as well as the 
downturn in employment opportunities in the aerospace and energy-related 
fields. However, as with the use of experienced S&E retirees, such efforts 
should not detract from the development of the existing in-house technical 
workforce . 
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Figure 3. Age distribution among NASA S&Es (number). 
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Figure 4. Age distribution among NASA S&Es (percent) 
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Figure 7. Age distribution among LeRC S&Es (per 







